Abstract-Optical fiber sustains scratches, pits and other types of defects on the end face during the polishing process. Hence, fiber end face inspection is a significant process for fiber manufacturers when analysing the performance of a fiber. In order to identify the defects present on the fiber end face, a novel model is presented in this paper. Our model combined filtering methods to enhance the contrast of the images so scratches can be successfully detected. However, because the photos have been taken with different gains and exposures, they can not be processed with standard image processing techniques. We developed a method to analyse the defects intensity that could be located under different gains and exposures. We established that the images taken with the high gains and exposures performed well for optical fiber defect recognition.
I. INTRODUCTION
Optical fiber is the main medium for information transmission in optical communication technology and it is essential to find out the factors that cause degradation of the communication quality. The fiber connector end face inspection is effective and is also critical to the analysis of fiber communications due to the fact that defects in this area proved to be the main reason for network failures [1] - [3] . A group of researchers [4] investigated the return loss (RL) performance of optical fiber that is affected by the scratches of optical fiber connections end faces. They defined a new parameter named relative reflectivity. It can be represented as the reflectivity of a fiber divided by the ideal reflectivity of a defect-less fiber interface. A new effective model is established to evaluate the influence of RL by different scratches, which is classified by different size, number, position and relative reflectivity. Through this method, they conclude that the closer the scratches to the centre of the fiber, the greater the degradation. In addition, the scratches located beyond the 25 microns core area led to little effect to the RL [5] , [6] .
The International Electronics Manufacturing Initiative (iN-EMI) team has performed similar research on the Insertion Loss (IL), Return Loss (RL), and the geometric parameters, to develop the defect-less specification of the fiber connector end face [7] . More specifically, they justify the interdependency of the IL to the defect sizes and introduce the Gaussian Weighted
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Percent Occluded Area (GWPOA) to the intensity distribution of the basic fiber mode. Based on the experimental results, the analysis of an occluded area is a more effective way of the whole blocked area than the count of all the particles number. Although the GWPOA requires further research, it is a useful metric.
The main purpose of this study is providing a judgement for the optical connector end face workmanship, which is a primary cause of network failures. The following work will divide into three parts; firstly, a combination of filtering method applied on images to enhance the contrast of scratches and pits. Secondly, we apply the Hough Transform to the pre processed images to identify the scratches and pits. Finally, in order to get a guideline for the shooting parameters (gain and exposures) relating to the fiber connector end face, we analysed the defects distribution for different shooting parameters. 
III. THE PROPOSED METHOD
As these 60 images are shot by different values of gains and exposures, some of the images are too bright or too dark. In order to automatically processing these 60 images, the first step is to unify the background of images to remove the effect of the background. Therefore, images are pre-processed before extracting the defect elements as is described in section III-A.
A. Pre processing images
Applying filters on images are generally the standard approach to reduce the noise and selecting the filter is application dependant [8] , [9] . In our case, Sobel filter was more effective to highlight the areas of high spatial frequency compared to the Canny and Prewitt filter. However, some information is lost in the images after Sobel filter, therefore basic morphological operations are valid to restore more information along the edge areas. The processing was followed by applying the Entropy filter which can characterize the texture of the input image, but it makes the images much more blurry. In order to deal with the blur, the LoG filter is applied to filter the brick out. In the final step, the Gaussian filter used to de-noise the result. The pre-processing model is demonstrated in Fig. 2 . 
B. Defects Recognition Using Hough Transform
We employed Hough Transform for defect detection as it is [11] - [13] a well established method for a line and circle detection in image processing. Before applying Hough Transform, the RGB image was converted to the binary image to remove the noise [14] , [15] , improve the defects position accuracy and reduce the computation cost during implementation [16] , [17] . Therefore, we set the threshold to 25 and classify white and black pixels as is shown in the image of Fig. 3 .
Also, we use Hough Transform to detect the circle component in the core of the fiber to mark the pit. We developed our model using Matlab (R2018b) software. In Matlab, function imfindcircles applies a Circular Hough Transform (CHT) based algorithm to find circles in images. This function is robust to counter the problems of noise, occlusion and varying illumination. The parameter sensitivity is used to define the circular Hough transform accumulator array while the parameter edge sets the threshold to limit the edge pixels in the image. The result shown in Fig. 3 (right hand side) where the green circle marks the pit out. .
C. Distribution of defects on optical fiber end face
As the information focus on the fiber centre is to transmit, the standards for the end face quality of a polished fiber optic connector varies according to the region in the fiber. International Electrotechnical Commission (IEC) established standards for setting requirements for allowable surface anomalies, such as scratches and defects, which may affect optical performance [7] . Therefore, analysis of the distribution of the defects in the fiber circle can support the judgement for the quality of fiber connector. We implemented a novel method to analyze the distribution of the defects in order to judge its impact on information transmitted through the optical fiber.
In our proposed method we scan the processed image ( Fig.  3 (right) ) and sum the value of red pixels which were formed the scratches. The process is started by scanning a circle with very small radius (1 micron) and increasing the radius at each iteration. The distribution of red pixels is not uniform in the circle however, the value of red pixel summation is increased by increasing the radius. When the increased radius is large enough, the curve will also stop increasing. The top image of Fig. 4 shows the summation of defect pixel with increasing the radius of scanning in the circle. We also calculated the differential of the curve (bottom image in Fig. 4 ) with diameter from 0 to 80 micron as it contains more information about scratches.
Intensity curve or R-power curve is an important factor to inspect how the scratches and pits contaminate the optical fiber connector [7] . When the light passes through an optical fiber, the information concentrates in the centre area and that make the optical fibers center area more important than other places. Therefore, the scratches and pits which contaminate the centre area are more vital than the defects existing in other areas. Hence, an intensity cure and its differentiation have been plotted and shown in Fig. 5 top and bottom respectively.
As is shown in top image of Fig. 5 , the intensity is decreased as the radius of the optical fiber is increased. When the radius reaches 70 microns the intensity is equal to zero which means the information above this region is not helpful. Also, the bottom image of Fig. 5 shows the differentiation of intensity curve. The curves increases dramatically when the radius reaches 17 microns, which is vital for a high quality optical fiber connector, and then the curve decreases. 
D. Results
60 images were processed in this study and the result of the analysis varies with the gains and exposures as it shown in Fig. 6 . The X-axis represents the gain of the image which is from 1, 1.5, 2 to 2.5. The Y-axis represents the exposure of the image and grows from 9.99 to 79.98. The Z-axis represents the number of defect pixels in the image. Our proposed algorithm performs well in the most cases (56 images out of 60) and detects the scratches and pits accurately. However, in the dark images (low gain and exposure) where the grey level of the image is almost the same for all pixels, the normalisation cannot eliminate the effect of the background as it shown in Fig. 7 . In addition, the grey level in the very dark image is almost constant over the entire image. Hence, we cannot enhance the contrast of the image and hough transform algorithm will not detect any lines and circles.
The outcome of our experiment is confirmed in Fig. 6 , when the gain and exposure are both low, it is hard to detect the scratches and pit. When the gain and exposure are both high, our defect recognition model performs extremely well. When gain is 2.5 and exposure is 60, the result around this point all performs well and the trend changes are stable. Therefore, this corner is very appropriate for optical fiber defect recognition and analysis.
IV. CONCLUSION
In this paper we developed a novel model to analyse the effect of scratches and pits on the end face of optical fiber connector. All the results stated in the presented work indicating that our algorithm is successful in most of the case with medium to high gains and exposures. We processed images by using a combination of filters and identified the scratches by applying Hough Transform line detection technique. In addition, we implemented a method to investigate the distribution of the defects on the end face of optical fiber in order to judge its impact on information transmitted through optical fiber. Failure of detection occurs mainly for the images with low gain and exposures where the normalisation and contrast enhancement methods cannot function sufficiently to improve the quality of the image. The result of this work will improve the data transmission rate in an optical fiber by identifying the end face optical fiber with high number of scratches. The next step to take this work further will be developing a new method to detect scratches and pits on a very dark image that automates the detection process for all type of images.
